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PROCEDE EX INSTALLATION DE FORAGE ET DE CHEMISACE DUN 
PUTTS, NOTAMMENT DUN PUTT8 DE FORAGE PBTROLIER, AU 
MOYEN DB TRON£ONS TUBULAIRE8 ABOUTES INITIALEMENT 
SOUFLES, ET DURCIS IN SITU 

U prescnte in ventioo conccrne un ptoo6&ptm(om*chcntomi*jto*. 
notMOj acm to puits de forage pefrofier. an moyen d'un ensemble de troocoo* tubolaires 

- ou pitTormes - rimilsin*. initialtmcct souptes, spies 1 toe repltees I nn g im ri in a Je meflt 
turdles-memcspoureo*m 

5 Peffct d'unc prcssioo interne pour prendre one forme cylindrique, et csfin a tot 
rigt&ficcs ip^m pv polymerastion de lew peroi t Tcnoonibiement tmnsveml d'une 
preTorme repltce toni de dimension caximak senribleaent infeneure I too diaoetre 
interne a Vital dep!ie\ et lesdites pctTonnes posscViant one portion d'estremite* doot le 
diamtoe * aprts depiiement - est legercmeut supericur a celui de la preTonne, ce qui 

1 0 pennet leur joactioo booi-e-bout per embottemeni. avcc lecouvrement de Udi tc poctioo 
d'extremitt. 

Atnsi, en recourant a ce type de preTorrae. qui est ooomie en soi 

- notamment par le document WOA-94/21887 - il cat possible d'obCctur un chcmisagc 
d*tm<fiametreccesti&tsurtoo^ 

15 a cet cgard. 11 convtent de rappeler qu'avec des chemisages (ou tubages) 

tradttkameU oonititttea par dee tube* en aoer k on eat oblige d'utiliser dee troncona 
lubulniwj tflc ■copinjr i, I riismrtrr rift-rnimnl m Tfrrrni— A » du ~ T" 
dee problejnesd'innjUatkii et d f expkatatioo utteneure du pints. 

L'ocjectif de ('invention est de proposer un proceVtt de forage et de 

20 chcmisage du puia, i P»de dc prffocmci du type mentiono* d-dessus, qui puis* toe 
mi s en oeuvre de maniere simple et impide, i raiUe ooOl 

Fbur ceJa, et confonnc'inent a (Invention, on commence par metxre en 
place un premier tnncon, 
troncoc Aant aatrnee vers le bus. 

25 Uproce*6sek» rinventioo cooiprend ksempes soivantes : 

a) on fait passer arialcment, de haut en bas, i travels ledit troocon, un 
outil de forage, et on fore au-dessous et dans le protoogemcot de ce troocpn un tiou de 
forme et de profondeur adapteea pour reccvrir le troncon suivant ; 

b) on reore Toulfl de forage ; 

30 c) on introduit une preTorme. k Vim replie*. a rinteneur du pud* en la 

ftisaiii traverser tetrooc^ 



2741907 



20 



25 



30 



35 



du tnw, su portion d'e*tremitd haute venant se placer a rintericur de U portioo dex- 
utaUe* dargiedu mean : 

d) on introdirit un anient fluide an rood du trou, autour de la portion 
d'exfttaitt basse de b preTonne ; 
5 e) on introdmE un fluide sous pression, de densite' supeneure a la densile* 

du rimeal. a IHnlerieur de U preTonne afm de la emptier rari islmir a rti , progressmment de 
bas en naut, ea refoulant le dment, egalemeet de las en bauu autour de la preTorme, 
centre la paroi dutrou; 

0 tout en mainienant la preTorrae sous pression interne, on en dnufle la 

10 parol pour la pofvmenscr; 

g) le dment ayant pris, et la preTonne ayant duict poor constitaer un 
troooon tubulate rigMft 4f rhrmif 00 ****** MrtatfmMt k» fwuill a w a ayant tervi an 
gorflapetaUpdymensri^ 

b) on relteie Topdiation pour ks troofocs suivants, jusqul obtenir U 

15 



Lonque, comme cela sera exptique* plus loin, la preTonne presente des 
reserves de resane aptes a migrer vers Texteneur pour former des venous umulaires 
d'aanchel^lepodnoiuaaneaidccw 

De manure parucuUerancat avantageuse, on utilise un ouul de forage dn 
genre tie^apte a occuper selective^ 

premier eat dVocombrenjent Minimal, lu peracttant de passer a rintfrieurdu troooon 
dejaaa p lace, m jeccr^e^dVaoombrcsncnt iatenneVliaire, pour le foray de In parte 
IsHncipale du trou et un tioisi^ 
parte dutioudestineeareccvw 

Dans un node italiaaim 
a la polymensaticn de U prffonn^ 
idouble valve placemen pn^ 
n«ded>garilaa^annleneurdeUia^ 

pj nstallation de forage et de chemiaage, qui fait egatement parte de la 
present* inrenlkxi, server* ^ 
qydkeomprend, en t&ede puits: 

- une bobine de stockage et de inception, a retal cnroule\ de ladite 



- une ttte suiplombant r entree du puits. apte a pcnncCre le grndagc et 
rintioduction.damle^ 

du puits ainsi qu'aa gonflage et a la polyrodnssnondeUprtforme ; 
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- des bobines de stodage i I 'etal enrouic~ de tube* m&allique* elastique- 
meat deTormables aptes I faire descendre et remooterle^tsootilU^ dans kpuitx, Tim 
de ces tubes conteoant no dbtc servant a raliojentation de la preTorrne ea courant 
dectrique; 

5 » un gene ra teurde courant flectrique, 

D'autres csxscteiistxqucs et avantages de Invention apparaltront de la 
description et des destins annexes qui en representent. a simple tine d'exemples noo 
limicattfa un node de arise ea oeuvre preTeTe\sinsi< 

Sur ces detains : 

10 - lei figures 1 a 4 soei des vucj schtmatiques,, en coupe axiale, i 

let diff create* tapes de 1 'operttion de forage de la partie de puts qui doit recevoir la 



-la figure 5 est uric vueschemat^ued doot 
elleestsoUdair^avsntmiseenplace^ 
15 - les figures 6 et 7 want des vues partieUes de I'extreniitf basse de la 

preTorme, destittees a iliustrer le principe de Is double valve dont est pourvue U tea* 
d'oonllagc; 

- les figures 8415 illustrtnt les difTeremes etapes de mise en pUoe d'une 
pitTonneaaboutd'untroocoode^eoptsce; 

20 - la figure 16 represente scbcmsiiquemcnt, en coupe axiale, un puits 

cfaemMpvtiastrooc^ 

- la figure 17 est uae vue schematiqoc montrant les different* materiel* 
conritufafsde rinstaUanba. situes en surface (ttede puits) ; 

-les figures 18s30- aecbdleplus petile - Mustrart k fcnrtkxuxtDent de 
25 rbotallationsncoursdeidifreren^ 

La figure 1 represente rextiemue basse d'un puits vertical en cours de 
focageet da chcniisage. Ca puits, inco mp i et e ae nt forf, compotte un cheauaage deja en 
place sous forme d'un tube cylindriquc rigide 2 presentant one pordoo d'extrexnitc* basse 
20eTargie. 

30 IxdiametreDdecetle partie 20 «tlegerementpluj grand 

d de la partie prindpele X « bien qa*ti est possible d 'embotter les uns dans les autres des 
vonoons 2, a vec teeoovmnent des parties d Vxtremite* 20. 
Le tmicon de cbemhas^ 2 est so 

quc20a 

35 Noosalloostrtfiru^nsnt decrire ac quelle maniere vaenx nu»enrlacc,a 

Taidedu piooiddde 1'uiventxon, 



2741867 



4 

Pour cell, comrocahistrt tux figures 1 4 4, oo commence par focer un 
tiou destind&reocvoirce licngan. 

A cet elTet oa utilise un outtl dc forage 1, du genre trepan, qui a U 
portiaUaritf de pouvoir etre nftracte* oa dibit radialcment. dans trois tots d'encoro- 
5 brwiiemdWfereatR 

Dans ua premier tot, illustrf a la figure 1. Toutil est rttrac* au maximum 
de telle numiere que i» pi us grande dimension transvemle autoriae *» libre parage a 
ritttencur du nrcoon 2. axfalementa trnven cdtt-ei 

Damceie^aoncncotnbremen^ 
10 De mamere connoe, Tortl de forage 1 cat fix* 1 rextremit* d'uae age 

mbuiaire 10, porte le inc*eur d'eutratdcinem (non iepreaent£) de Pouti! en rotation, ct 
lesorganesasscramscmo^otianano^ 

Comme on le vena plus loin. La dge lOeat moottiearextrfmi^d'imtube 
mltallique apte a tec enroul* sur un tambour recepteur dispose* ca surface, en t&e de 
IS puits. 

Daw im second flat dedepu^^ 
oonpante 1 2 de I *outi! possede un diametre de travail ^enablement egaliD. 

L'outil ayant ftd drtrrmti? axialnmcnt puita. a ttmvera it nabage 2 
deja en place, on provoque ce deploiement radial au dfometre D loraqu'il est arrive a 
20 I'toarieurdelaiwtticm 

vanlsadeaoentecrjmmefflu^ 1. 

Onrfaliseatasilefofagedta D. coaxial au 

troosonidMiskpcokJogett 

U prof oodeur de forage correspood a la longueur du tronoon que 1 'on 

25 souhaitemeareen place. 

L'outil 1 posaede des organes de coupe addinoonets 11 qui peuvent ttre 
deploy* radialement a un diametre superieur a D, aftn de pouvoir rccevoir la portion 
elargiedutroncralrnemvenptaoe. 

Comme illustre a la figure 3. pax remontee de l'outil sdon F a . on realise 
30 timi on rturgifl™ 1 — * t9na * «ttf tme cemrfne hauicur. 

A la fi gure 4 on a design* par la reTerence 30 U parade bp 
dutrou3.pexUi*Tererjce31Up^ 
basse dutrou,dontte diametre D est 

L^l^orme4repitsenteesch^ 
35 geoerel que cetle decrite en deed dans le WO-A-94/2 1B87 deja cite. 
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gonflabte, du fait qu # on a aflarre auntrou borgne ; de plus, to prffocme 4 powMc one 
portion d'extremite" basse 40 de section elargie. 

La preTorme 4 est supportfe paruneb>tnbulaire5eDtda.eoroalable 
5 tur un tambour de stocfcage shut en surface, et qui pennct de la fake descendre a 
rinterieur du puits, et de hii founiir les flmdes de ri me nta H o n et de gooflage, ainsi qoe 
I'energte electrique poor U polymerisation de la preTonne, par riateniUdiaixe d'on 
djspceidfden«CTd«ne^ 
topceTcrn*etseraccc*<tott 
10 Ce typo detjyd^aelereatDdaHe est cfja^attoa^de^a^daMteineto 

jiarkleiraeangtolsXai^TUBIHO* 

Comme ceto est decrit dsns ^o^W^awttA 
obtiiree a aes extremhes r^ 
bles et/ou decoupabtas en fin desperation. 
15 La *te dtatributrke 51 povsede une double valve 52. 53. actionnahle 

selecbvernent (depots Usoif see), 

Comme illustrf aux figures 6 et 7, U valve 52 pennct de distribuer un 
fliadedegofMTatearint^^ 
distn^ier tm cimeni HiiaJe a to base 
20 Conn* ffluirtl to figured to 

V6w n*fcaleinentreplie* - est descendue dans le trou 3 exialernent, du hint vers le bas. a 
gav«tetroe^nccfaena j say2de> 

BienenKndu, pour queced soil possible, il est necesjaire que Tcncam- 
branent transversal cfetopie^ 
25 deja^quicnmspoialacel^ 

Lmque U pre/anne est repliec rar eDe-meme, die prtscnte une section en 
"IT on en forme d'escargot - comme Ulustr* par exemple an figures 6A et 63. 

i document WO- A-94/25SS5 ; lorsqu'eUe est depliee die presente une 



30 UnreTorme4c^poeitiom^damIctrw 

d'extremin! plus large 40 te trouve en regard de Pelargissenient de pub] 3 1 ; to longueur 
du trou 3 est d&erminfe pour que. dans cette position, to portioa supeneure de la 
|)ieTc<nx>seirouveenreg»idd^ 

On precede alcall^jectra 
35 pceTonnc, via U valve 53 (fkchei J. figure 9). 

Le cunent est choisi pour avoir une density votsine - voire legerement 
supeneure - de celle de la boue bquide 7setrouvantdanslepuita. 
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L'arriveeifedinemalaba^ 

hart. 

Comme illustre* a la figure 10. on precede ensuite au gonflagE dc la 
preTonne, en injectaot tin fluide aous pression a l'interieur dc cclle-d, vU U valve 52 
5 (flecnesl). 

D f'agit toil d'uo bquide introdidt de rexteneur (depuis Ut&ede puhs) 
per le conduit 5 dans la prffonne, sit d'un liquid* (eau, booc ou p6trole) present dans le 
pmtietpocnpedaasUprtfonwu 

Le bquide de gonflage est avantageusement choia pour avoir unc dcnsite* 

10 legbcnsemsnperienrea^ 

gonflage va se faire prognenuvemeot du bas vera le haut. comme symbofis* par les 
flecta Gala figure ia 

A deTaut, la progresjioo du gonflage du bas vers lc haut peut toe oontrOiee 
en prevoyant, Ic long de la preTonne, une serie de bagucs de contention f tangibles, dont 
15 leaeuUderopttromadaj*^ 

Le rimem eat par consequent refoule egakraent de bas en haut centre ia 
paroi du puits, corarac symbolist par la flfcchc H, tandis que la bouc 7 se crouve chassee 
vers le taut 

Dc prtferencc lc volume de cimeot penphenque n'est pas suffisant pour 
20 atteindrcUpartielttife UaJsa nwcbn c at da n a 
U aone d> joncta eatre lea pat^ 
II). 

Depi*Tefmicc,lapi^^ 
chaud, prise en sand wich entre unc pean inteneure et une peau cateneure elastiaues. et 
25 min»e,cote*tateneuM^ 

pour former des bourrelets annulaires favorisant rancnge et raaa^tidutubagecootre 

Uparoidupuits. 

Une preTonne de ce genre est decrite daris la demanded© brevet francais 
9408691 depoaeele 7 judlkt 1994 par la denianderesse, et dans son extension uUerna- 
30 tkwakKnVFR 9500901 

Ces vcrroua annulaires, rtpartU tout le long de la prtfonne sont references 
9 ; de preference U est prcvu unc density plus grande de venous (e'est-a-dire un 
ecartement plus fatbte entre lea venow)auxcxtremtes» 

maniere a assurer une bonne ftancheite' dans In liaison bout-a-bout des diffcrents 
35 troncons. 

U cfaatuTageet Upolyniensation de la preTonne tout realises unc Ibis le 
gonflage terming, la prcsston de gonflage elant inainlenne a riitterienrde la preTormc. 
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A titreiixlicrif,bpimk» interne est del \xo^de 15 bail. 

Le chauflage de la pctYonne pent ae faire soit en invrodmsM ua fluide 
chaud a I 'tnteiieir de U preTorme, «oit par reaction cfaimique cxocbcnniquc wit encore - 
de preT^itnce • par eRet Joule, an moyen de lemsmnces electriquea (fill chau/Tanta) 
5 diipoatodaitttopa^iteUprffofmeoui 
aectriqtiedepttbUitedeptti^ 

A tine lodicaiir* UletnpefMare neceaaiie aU pdymensaiiotiest de 1'onlre 
de 110a MCTQcaUdiiitedecettcc^ 

Lonque la pdymematioo del venous 9 et de la parai de pfefcrmeest 
10 lemiofe, et que le ciment 6 a fait ia priac (figure 12). oq retire Toutillaa* 500. 50, 51 
(fifcteK. figure 13). 

On installe alori un outtl de coupe (501) k Pextntaite* du tube 5, et on 
deeoupe le maochoo d*«aac«it* de l'extremite- haute de la preTorme (polymeriiee) 4' 
(figure 14). qu'on arracte ensuite. On opete de la mtae manierc pour le mancboa 
15 iofeneur. 

Onc*tieataloraimtiT»cOTdec^^ 
meat le cubage precedent 2 (voir figure 15). 
~n L'opentkm qui vient d'etre decrite est bien sOr relteree, troucoo apsis 

x^s trcecot^afrnd'cawiir^ 

20 Dans tm mode de realisation possible de U pteTonne, cdk-ci a une Ime 

compose* a 30ft de refine cpoxy et a 70ft de fibres de vow, ceoe tee eyant one 
eptisseur de Poidre de 14mm ; let pcaux intetieure et exterieure, en caoutchouc 
tyntt^que,<)cJftjpecdra 

A thre mdicatif, ia portion principal* de la preTorme 4 potsede, k V6*i 
25 depW.undtametreu3t<^ 

184mm. tandis que la portioo elargie 40 possede an diametre inteneur de Tordre de 
188mm et un diametre cxterieur de l'ordrc dc 236mm. 

Lei portion 30*32 et 31 du puita out dea diametre* njoyeusdei'cidrede 
197mm etde 244,5mm, reapeotivemenL 
30 uiknguemdeadiiTere^ trance 

simple titre iadicatif, la longueur d f une preTcaine pcut tode 1'cvdre de 500s*. 

La figure 16 represent* un puits F chemist pax un ensemble de trois 
trancoBS 2A, 2B et 2C aboutes et cimentes. 

U figure 17 represculeachemati 

35 qmcennetdenwttrecncciivre 

Surcxtte figure. tatftedepuats.rtfere^ 
mftallique(chastts) 100 entoumnt la tfttede puita. 
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Cede structure 100 pone un injecteur 101 pourvu d'un nboi d'appui 102, 
ct servant a supporter et a pousscr let different! matericls lotsqu'ils soot desceodus dans 
le pints ou retires de cetawa ; die sc trouve k VifAanb de rentree du puit* 

On a design* par la inference 54 un tambour de stodcage sur lequel est 
enroulec la preTonne ;efleeslsupportee|wimwagoanet 

UieTctence540de*gneunsebrf^ 
areatieedopuitt. 

Lei leTeYences 56 et 57 designed 
et stockes respecu veracnt let tubes "CT" (Coiled Tubing) 560 et 5. 

Le lube 560 sen a supporter ct a deplacer l outfl de rotagc ; le tub© 5 
(ccwicdejaelO^a^ 

rimtmn^ i u pr^f«m<L et i U coonecter a une source dc courant electriquc (poor U 

polyxnensation)* 

L'ficctricile est fournie par un genefileureTeciriqiieSi 
Ls reTerence 59 dengnc une cabine de cootrdledelVapet^Gn. 
De maraere cJasaoue, rentree du puits a focer est kri tiateroeat ganne d'un 
cuvetige550. 

U trepa 1 est adapte i Texliem 

tambour rtcepleur 56, supporte 

20 (voir figure 18). 

On precede alon au forage du trou.de rofmeAagee3,de«tui^aiec«viar 

k premier trooc« (figure 19). 

A|xis mise en |4ace de U pceTonM 

polymeVisatioo in sftu dc ccflcHa. vUunconAicteurc^ 

25 ooietirelecooduiteeiiti^ 

54 (vide) sur laqueUc 6ait initialemeiit stockee la pceTonne (figure 20). 

Uprfftwneie trouve abou^ 

On deTait easuiie las connexions bydrauliquc et electrique avec la 
pceYonne, c* installe et on scelle de manierc Aaachc autour de la tete du puita un 
30 appamOa^dese^tea^ par une technique conventkwaellc (figure 21). 

A Taide de t'outil de coupe 501, port* par le tube 5, on decoupe les 
oaachons d*etMchfit£ bant et bas (figure 22). 

L*4ape suivante coosiste a forer la section suivante. pour obtenir un trou 
eugf 3 pcoioogcaut le uoocco 2 (figure 23), 
35 Ensuite,oo cabbie les diainew 

dutrou3.araided'unhisinsaiem 1000 (figure 24). 

On met en place une nouvdle preTonne (figure 25). 
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On b fait descend** dans 1c puits. et on la poritioane convenaWcmemdans 
le trou 3. On la connect* au tube 5, ei on pnocede tu gonflage, a la dmcatation. etllt 
polymeniatioo (figure 2^. 

On retire le conduit central 5% qu'on remonte et qu'on cnroule »ur lc 

tambour receptee 54(figurei27et28). 

Ob suspcod i'oi^lde coiipe 501 au 
let manchons d'extremit* (figure 29). 

Oo obtient aina deux tron^ons rigid* aboutea 2A. 2B (figure 30). 



2741907 



10 



1. Pioc6«pQUrforerctchcmiserim 
ptoolier, au moycn d'ua ensemble dc trancons tubuUires - on prfformej - ciinilairea, 
imdftlement souplee, aptes a toe reptiees loc^tudiiialement cur elles-memes pour toe 
introdmtet dans le ptriis, puts a toe deplieca mfiaJcment sous Tcflct d'une prcasioa 
5 intcrocpouf pwndreonefonnecy^^ 

saliou dc teur perot, reocombremetit transversal d one prtforme rapUde dtam dc 
dimcimoo maxnnalc scBsjfctonent inf eneure 1 ton dtanetre interne a l'dtat deptid, ct 
lesdites preTonncs (4) poesedaot uae portion d'extttnute* (40) dont le diametre - apres 
deptieaseat-cstlegfran^ 
10 jonction bout-i-bout par embottetnent avec recouvrcment da ladila portion d'extrfmitd 
<4Q). caract6ise par le fait que, ua p<enktxtaa&a)w^i*abmjtetocMte 
reanecdu pm*» am portion d'cxsrCmild claqpc (40) townee vcsalebas, 

a) op fait paatcr axialemcnt, dc haul en baa a travera ledit troncpn (2), an 
outU dc Torage (1), ct on fore au-dessous et dans le proiongcxDent de oe tioacon (2) un 

15 Uou(3)defcnnce<deproforf 

b) on retire 1'outil defoiage (1) ; 

c) oq ioirodoit uac preTorme (4). a I *etat repttc\ a 1 ' inteneur du putts en la 
feisant Havener lc troncpn (2) deji en place, etoo la posiuonne cooveoaWement a 
rintdrieur du trou (3), aa portion d'extremite* haute veoant te placer a rinuWeur de U 

20 portico dextrfmi* flaiyc (40) da tnooco* (2) ; 

d) co intmduit un ctmect ftuide (6) au food du trou (3), autour de la 
portion d'cxireniite* baste de la preTonne ; 

e) oo introduit un flutde sous presaion (8). de derate* superieure a la 
densitd du cimeat (6), a rinteneur de la preTonne (4) afin dc la deplier radialement, 

25 pftjpcaaivenietttdelmcnn^ 

dc la preYbrroe, centre la parot dutrou(3) ; 

QioutmmainicttaittUp^ 
parol pour Upolyineiiser ; 

g) le curat ayant pria, ct la preTonne ayant dura pour consutucr un 
30 troncon tubulaue tiajde dc efaetnisaac (4% on retire aadal c mc nt lea oudllagca ayant aervi 
g"nfT*y* * r«iymAmliQn de U preTonne. aima qiTaladistributioQ da cimcnt I 

b) on rditere ropeiauoo pour tea tronoons iw vaata. jusqu'a ofecnir la 
longueur de puits onanist aoubaitec. 

l.Proce^aclon icveniicaaoa 1, caiacterisd par le fait qu'on utilise un 
35 ouuJdeforaF(l)togetuvfre^ 
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radiate, a avoir un premier etat d'eocombitment minimal, lui pennemnt de passer a 
I 'inierieur du uoocoa (2) deja eo place, un second ait, d'cocombranent ioxamMairc, 
pour k forage de la partie princtpale (30) dti ttou (3) et un troisieme 6tat, d'encombcemem 
maxinuu\i»iirkfonuje*^ 

5 deUprffonne(4). 

3.Ptxx^«do«Urevwidicjliocj 1 om 2, a«ct£rii^ lc f*it qiic kdit 

outiHage oomprend une fete (51) i double valve (52. 53) ptacee en partic bam de la 
pftfbane W.et^k^bocrtBecdyo^w flmde de gonflage (8) a I'intencurdel* 
pftfonne (4) et un dmeat ti^ftkVMAUmdtcdtoci. 
10 4-Iasttlteioodefofafeeidechemisa^e^ 
pfooW aelon 1^ to leveodlc^ 
CfcedupuUt: 

- use bobine (54) dc stockage et de reception, k i'ltat enzoule, de ladiie 

preTonne(4); 

15 - une tte (101) surj*ombaat Pentree (55) du putts, apte 4 pennetue le 

guidage et riotiDductioa dans le puits de la prtfonne (4) et dcs different wtiUages 
servant an forage du putts ainsi qu'au gonflageeiliUpdyineln^ondelapftTfonne; 

- des bobine* (56, 57) de stockage * TeM cnrouW ite Dibea mftalliquea 
elasiiojieniatfdeTc«^ 

20 dans k puits, l*ua (5) de ces tubes cootenant un ctbk servant k ralimenbtfion de la 
preTonineeoeouiimelectrkpss; 

- un aeDenteurde courant £ectriaue(59). 
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57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU. 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sectionsn-or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 

operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30— on a smaller scale— illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which cairies the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axiaily lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 

activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 

distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded— is 

lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to— even slightly greater than— 

that of the liquid mud 7 found in the well. 



2741907 



When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 1 84 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the CT. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 



2741907 



Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 



2796483 



CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 
10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 

(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 
15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
thewallofthehole(3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4')> the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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